The intracellular pharmacokinetics and pharmacodynamics of oritavancin (LY333328) were studied in cultured cells. Oritavancin was avidly accumulated by J774 and THP-1 macrophages and rat fibroblasts and to a lesser extent by LLC-PK1 and Caco-2 cells. In J774 macrophages, the level of accumulation reached a plateau (at 370-fold the extracellular concentration) within 24 h and was partly defeated by a rise in serum protein levels. Efflux was incomplete (with a plateau at two-thirds of the original level at 6 h). In short-term kinetic studies, oritavancin uptake was linear for up to 4 h (as was the case for horseradish peroxidase and small latex beads, used as markers of the fluid phase and adsorptive endocytosis, respectively), which was in contrast to azithromycin and chloroquine uptake (which accumulate in cells by diffusion and segregation). The rates of clearance of oritavancin and latex beads were comparable (150 and 120 l ؋ mg of protein ؊1 ؋ h ؊1 , respectively) and were approximately 200 times higher than that of horseradish peroxidase. Oritavancin accumulation was partially reduced by monensin but was unaffected by acidic pH (these conditions abolished chloroquine accumulation). Cell-associated oritavancin was found in lysosomal fractions after homogenization of J774 macrophages and fractionation by isopycnic centrifugation. Oritavancin was bactericidal against intracellular Staphylococcus aureus (phagolysosomal infection) but was unable to control the intracellular growth of Listeria monocytogenes (cytosolic infection), even though its cellular concentration largely exceeded the MIC (0.02 mg/liter) and minimal bactericidal concentration (2 mg/liter). We conclude that oritavancin enters cells by adsorptive endocytosis (favored by its lipophilic side chain and/or the presence of three protonatable amines), which drives it to lysosomes, where it exerts antibiotic activity.
For more than a decade, vancomycin has remained one of the treatments of choice for infections caused by gram-positive organisms resistant to other common antibiotics, mostly methicillin-resistant staphylococci and enterococci. The emergence of resistance in enterococci in the late 1980s, however, triggered the development of new derivatives, among which oritavancin (LY333328) is one of the first to have entered largescale clinical trials (43) . Oritavancin ( Fig. 1) is a semisynthetic derivative of vancomycin and differs from its parent compound by (i) the replacement of vancosamine by 4-epi-vancosamine, (ii) the presence of an additional 4-epi-vancosamine, and (iii) the addition of a p-chlorodiphenyl side chain to the additional 4-epi-vancosamine (9) . Oritavancin therefore appears to be an amphipathic molecule with three protonatable amines. These modifications confer unusual pharmacodynamic and pharmacokinetic properties to oritavancin. It is indeed characterized by rapid, concentration-dependent bactericidal activity against most gram-positive organisms, whether they are susceptible or resistant to vancomycin (15) , in association with a prolonged postantibiotic effect (2) . This behavior is in sharp contrast to those of vancomycin and other conventional glycopeptides like teicoplanin, which have concentration-independent, slow bactericidal activities and short postantibiotic effects (15, 16) . Oritavancin also shows a very prolonged terminal half-life (150 to 300 h, compared with a half-life of 6 h for vancomycin) and high levels of protein binding (Ͼ85%, compared with levels of protein binding of 10 to 55% for vancomycin). The persistence of oritavancin in the organism is believed to result from this high level of protein binding, analogous to the protein binding of teicoplanin (21) , but it may also suggest the existence of deep storage compartments for the drug in the body. This triggered us to study the cellular pharmacokinetics and disposition of oritavancin in cultured cells by the approaches used previously to study the intracellular fates of other cationic antibiotics such as aminoglycosides (40) , macrolides (4) , and basic derivatives of ␤-lactam antibiotics (7, 27) . The mechanism of accumulation was studied by using as comparators chloroquine and azithromycin, which accumulate in lysosomes by diffusion and segregation of their protonated forms (4, 12, 45) , and with horseradish peroxidase (HRP) and small latex beads as markers of endocytosis (26, 41) . Concentrating on macrophages and using previously established models (7, 31) , we have also assessed the intracellular activities of oritavancin and vancomycin against phagolysosomal (Staphylococcus aureus) and cytosolic (Listeria monocytogenes) organisms using previously established models in an attempt to correlate accumulation, disposition, and expression of activity.
We found that oritavancin accumulates to exceptionally high levels in cells and is mainly found in lysosomes, where it exerts a bactericidal activity against S. aureus. In contrast, oritavancin is only poorly active against cytosolic bacteria such as L. monocytogenes.
MATERIALS AND METHODS
Cells and cell culture conditions. All cell lines and primary cultures were obtained and maintained as described previously (27) . J774 macrophages (a continuous reticulosarcoma cell line of murine origin which possesses many features of mouse macrophages [33] ) were used for most experiments, whereas THP-1 cells (a human monomyelocytic cell type growing in suspension [38] 2 , and all media were supplemented with 10% fetal calf serum (FCS; referred to as complete culture medium) except in experiments exploring the influence of serum proteins on drug uptake. The viability of cells was checked under our experimental conditions by measuring the release of lactate dehydrogenase and taking as the criterion for viability the presence of lactate dehydrogenase at levels twice the maximum value measured in control cells (19) (values for controls, 3 to 7% of the total culture content).
Uptake and efflux of drugs (oritavancin, vancomycin, chloroquine, and azithromycin), HRP, and Texas Red-labeled small latex beads. For J774 macrophages, cells were grown to confluency and were then incubated with the drug, HRP, or latex beads for the appropriate times. Latex beads were provided as a suspension in water; a stock solution of the other compounds was prepared extemporaneously in water (or in 0.1 N HCl for azithromycin), and an aliquot of this solution was then added to the culture medium just before the start of the experiment. For the experiments involving azithromycin, we checked that the addition of HCl (typically 1 l/ml) did not cause a significant change in the pH of the culture medium. For collection, the culture dishes were transferred onto crushed ice, the cell sheets were washed three times with ice-cold 0.9% NaCl, and the cells were detached by scraping them into distilled water. For the experiments with HRP, which adheres to the cell surface, the cells were washed with ice-cold 0.9% NaCl and then further washed at 4°C with HRP-free complete culture medium (two times) and again with 0.9% NaCl (five times) before collection (these conditions have been shown to eliminate at least 95% of the extracellular HRP [10, 41] ). For the experiments with small latex beads, the cells were washed five times for 30 s each time with phosphate-buffered saline at 4°C prior to collection (41) . For efflux studies, cells incubated with oritavancin were washed three times in ice-cold 0.9% NaCl, placed for appropriate times at 37°C in fresh complete culture medium, washed again, and collected as described above. For other adherent cells, uptake studies with oritavancin were performed as described above for J774 macrophages either at confluency (fibroblasts, Caco-2 cells) or at 80% confluency (LLC-PK1 cells). For cells growing in suspension (THP-1 cells), uptake studies were performed with a density of approximately 5 ϫ 10 5 cells/ml, and the cells were collected by pelleting (325 ϫ g; 8 min), followed by one wash in ice-cold phosphate-buffered saline and lysis of the final pellet in distilled water. All cell lysates were subjected to sonication (15 s at 100 W; Labsonic L; B. Braun Biotech International GmbH, Melsungen, Germany) to achieve complete homogenization. Cell drug contents were expressed as micrograms per milligram of cell protein, and these data were used to calculate an apparent cellular concentration and an apparent cellular concentrationto-extracellular concentration ratio, using a conversion factor of 5 l of cell volume per mg of cell protein, as described previously (13, 24, 27, 40) .
Cell fractionation studies (J774 cells). The main subcellular organelles were separated by combined differential and isopycnic centrifugation, as previously described in detail (27) , with minor modifications, as indicated below. In brief, the cells were incubated with oritavancin, chloroquine, or HRP for appropriate times and washed three times in ice-cold 0.9% NaCl and once with 0.25 M 
2854
VAN BAMBEKE ET AL. ANTIMICROB. AGENTS CHEMOTHER.
sucrose-1 mM EGTA-3 mM imidazole (pH 7.4). They were then homogenized in the same medium with an all-glass Dounce tissue grinder, and a cytoplasmic extract free of nuclei was obtained by three successive low-speed centrifugations (770, 625, and 500 ϫ g; 10 min each), as described earlier (39) . This extract was then further fractionated into a granular fraction containing the bulk of the cell organelles and membranes (MLP fraction) and a final supernatant fraction (S fraction) by centrifugation at 40,000 rpm (145,000 ϫ g) for 30 min (Ti 50 rotor; Beckman Instruments, Inc., Fullerton, Calif.). This MLP fraction was resuspended in 0.25 M sucrose-1 mM EGTA-3 mM imidazole (pH 7.4) by use of 10 strokes of the loosely fitting pestle of the Dounce tissue grinder. One milliliter of this fraction was deposited on the top of a 10.9-ml linear sucrose gradient (density limits, 1.10 to 1.20 g/cm 3 ) resting on a cushion of 600 l of sucrose with a density of 1.34 g/cm 3 . Isopycnic equilibration was performed in a swingingbucket SW 40 rotor spun at 20,000 rpm (50,000 ϫ g) for 18 h at 4°C. After equilibration, 12 fractions of approximately 1 ml each were collected and weighed, and their densities were determined by refractometry. The amount of proteins (17) and oritavancin, chloroquine, or HRP in the fractions was determined in parallel with determination of the activities of enzymes that serve as markers of the main organelles, namely, inosine 5Ј-diphosphatase (E.C. 3.6.1.6), cytochrome c oxidase (E.C. 1.9.3.1), N-acetyl-␤-glucosaminidase (E.C. 3.2.1.30), and cathepsin B (E.C. 3.4.33.1) (see references 5 and 27] for details and assay procedures and for the association of these enzymes with specific organelles). The results are expressed as the percentage of enzyme activity, protein, or drug recovered in each fraction as a function of the density. To compare the distribution profiles between gradients, histograms were standardized for densities of equal increments ranging from 1.065 to 1.230 g/cm 3 , as described earlier (27) . Assay of drugs, HRP, and small latex beads. Oritavancin was assayed by liquid scintillation counting with 14 C-labeled drug. In preliminary experiments, we checked that the levels of accumulation observed with the radiolabeled drug corresponded to those observed with a bioactive product. For this purpose, we used a microbiological assay with Micrococcus luteus ATCC 9341 (M. J. Rybak, G. P. Allen, R. L. Akins, E. A. Coyle, and J. R. Aeschlimann, Abstr. 40th Intersci. Conf. Antimicrob. Agents Chemother., abstr. 337, 2000). In brief, samples were placed in wells cut in the seeded agar and allowed to diffuse at 4°C overnight before incubation. The plates were then heated at 37°C for 24 h, and the growth inhibition zones were read manually with a metering gauge. We then measured in parallel the oritavancin contents of cells incubated for 2 h at concentrations ranging from 10 to 50 mg/liter using both methods in parallel and found a correlation coefficient (R 2 ) of 0.92 (n ϭ 15). Azithromycin was assayed by a microbiological method with Bacillus subtilis, as described earlier (30) . Vancomycin was assayed by a fluorescence polarization immunoassay (Abbott Diagnostic Laboratories, Chicago, Ill.) (28) . Chloroquine was assayed by fluorimetry ( excitation , 335 nm; emission , 378 nm) in 40 mM Tris buffer at pH 10 (45). HRP was assayed by measurement of its enzymatic activity as described previously (35, 42) . Texas Red-labeled small latex beads were assayed by fluorimetry ( excitation , 575 nm; emission , 610 nm).
Cell infection studies (S. aureus and L. monocytogenes).
For the cell infection studies, we used the general procedures described earlier for J774 cells with S. aureus ATCC 25923 (24-h model [31] ) or L. monocytogenes hemolysin-producing strain EGD serotype 1/2a (5-h model [7] ). For S. aureus, gentamicin (0.5 mg/ liter) was used to prevent extracellular growth in the control cultures. This was unnecessary for L. monocytogenes, since the model was limited to 5 h. The MICs and minimal bactericidal concentrations (MBCs) of the drugs for the S. aureus and L. monocytogenes strains used in the present study were determined in tryptic soy broth (L. monocytogenes) or Mueller-Hinton broth (S. aureus) by the procedures recommended by the NCCLS.
Data analyses. Curve fitting and statistical analyses were performed with Prism software (version 2.01; GraphPad Software, San Diego, Calif.).
Reagents. Oritavancin (LY333328 supplied as its fully hydrated diphosphate salt; potency, 80.6%) and [
14 C]oritavancin (3.5 Ci/mg; labeled on the chlorobiphenyl side chain) were obtained from Eli Lilly & Co., Indianapolis, Ind. The labeled drug was mixed with unlabeled oritavancin to obtain a specific activity of 0.6 Ci/mg. Gentamicin and vancomycin were procured as Geomycin and Vancocin, respectively (the commercial products registered for clinical use in Belgium and supplied by GlaxoSmithKline Belgium on behalf of Schering-Plough Belgium and Eli Lilly Benelux, respectively). Azithromycin (dihydrate-free base for microbiological standard; purity, 94%) was supplied by Pfizer s.a. (Brussels, Belgium) on behalf of Pfizer Inc. (Groton, Conn.). Chloroquine, HRP (grade II), carboxylate-modified polystyrene latex beads (average diameter, 0.1 m) covalently bound to Texas Red, and monensin were purchased from Sigma-Aldrich-Fluka (St. Louis, Mo.). Cell culture media and FCS were purchased from Gibco Biocult (Paisley, Scotland). Human serum for opsonization was obtained from healthy volunteers as pooled samples stored as aliquots at Ϫ70°C until use. Unless stated otherwise, all other reagents were of analytic grade and were purchased from E. Merck AG (Darmstadt, Germany).
RESULTS
Accumulation and efflux of oritavancin. The uptake and efflux of oritavancin were examined in J774 macrophages as a function of time at a fixed extracellular concentration (25 mg/ liter). Figure 2 shows that accumulation at 37°C proceeded according to a one-phase exponential association process, reaching near saturation after approximately 20 h and a max- , and plateau ϭ 30.7 Ϯ 3.6). prot, protein.
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imal cellular concentration of about 46 g/mg of protein (corresponding to an apparent accumulation ratio of 370). Figure  2 also shows that oritavancin uptake was considerably slower at 4°C (less than 5% of the value at 37°C). Efflux of oritavancin was then examined in cells incubated for 24 h at 37°C with 25 mg of drug/liter and then transferred to oritavancin-free medium. Release proceeded according to a one-phase exponential decay (half-life, approximately 1.73 h) but was largely incomplete, with an apparent plateau value reached at an apparent cellular drug concentration of about two-thirds of the original value (more prolonged efflux experiments could not be performed because of a loss of cell viability). In sharp contrast to the results obtained with oritavancin, vancomycin accumulated only very slowly in J774 macrophages and reached an apparent cellular concentration-to-extracellular concentration ratio of only 8.0 Ϯ 5.4 after 24 h of incubation (data not shown in Fig. 2 ). To establish whether the extensive accumulation of oritavancin was specific to J774 macrophages, these experiments were repeated with four other cell lines, three of which were not of the macrophage type. The levels of accumulation observed after 2 h of incubation are presented in Table 1 . THP-1 macrophages and fibroblasts accumulated oritavancin to essentially the same extent as J774 macrophages. The levels of accumulation by the epithelial cell lines LLC-PK1 and Caco-2 were lower but nevertheless quite important. Because oritavancin is known to bind to serum proteins, we examined in detail its accumulation (2 h of incubation with increasing extracellular concentrations) in the absence and in the presence of calf serum (10 and 20%). Figure 3 shows that the uptake by cells incubated with the complete culture medium (10% FCS) for 2 h did not proceed linearly with the extracellular concentration but, rather, proceeded in an apparent cooperative fashion. This was not observed with cells incubated in serum-free medium, for which uptake was quasilinearly related to the extracellular concentration and was therefore considerably higher in the range of 10 to 50 mg/liter. Conversely, increasing the FCS concentration to 20% made the uptake process less effective over the range of concentrations investigated.
Subcellular distribution of oritavancin. In preliminary experiments, we observed that about 80% of the cell-associated oritavancin was recovered in the granular (MLP) fraction, with only 5% recovered in the supernatant (S) fraction and the remaining recovered in the fraction with nuclei and unbroken cells. The MLP fraction was therefore analyzed by isopycnic centrifugation to determine the distribution of oritavancin among the organelles present in that fraction (mainly mitochondria, lysosomes, endoplasmic reticula, and plasma membranes). Figure 4 (controls) shows the distribution of marker enzymes of lysosomes (N-acetyl-␤-glucosaminidase), mitochondria (cytochrome c oxidase), and plasma and endoplasmic reticulum membranes (inosine 5Ј-diphosphatase) in control cells. These profiles are well distinct from one another (an assay for cathepsin B was also performed in these experiments, and the results showed a profile similar to that for N-acetyl-␤-glucosaminidase). Figure 4 (treated cells) shows the results of three experiments in which cells were incubated for 2 h with either oritavancin (20 mg/liter), chloroquine (20 mg/liter), or HRP (2 g/liter). For cells incubated with oritavancin first, it appeared that the drug and N-acetyl-␤-glucosaminidase showed essentially common behaviors in all fractions, with densities less than 1.15. Chloroquine, a known lysosomotropic agent, also showed a large overlap of distribution with that of N-acetyl-␤-glucosaminidase, but the latter equilibrated at a somewhat lower density than it did in control cells. HRP was also codistributed with N-acetyl-␤-glucosaminidase, with a slight but detectable shift of density of the latter enzyme toward higher densities, however.
Mechanism of lysosomal accumulation of oritavancin. Having established that the oritavancin accumulated by J774 macrophages was primarily associated with lysosomes, we investigated the mechanisms of its uptake by short-term kinetic and pharmacological approaches. proton trapping [4, 12, 45] ) on the other. Oritavancin, HRP, and small latex beads accumulated in a linear fashion over time. The rates of clearance of oritavancin and small latex beads were quite similar (ϳ150 and ϳ120 l ϫ mg of protein Ϫ1 ϫ h Ϫ1 ) and were considerably higher than that of HRP (ϳ0.7 l ϫ mg of protein Ϫ1 ϫ h Ϫ1 ). In contrast, the uptake kinetics of chloroquine and azithromycin over the first 4 h were not linear but followed a one-phase exponential association process with similar time constants (approximately 1 h Ϫ1 ) for both drugs.
We next examined the influences of the extracellular pH and monensin on the accumulation of oritavancin in comparison with that of chloroquine. Acid pH is known to depress the cellular accumulation of weak organic bases that accumulate in lysosomes by diffusion and segregation of their protonated forms due to the corresponding change in the lysosome-extracellular pH gradient (12) . In this context, the levels of accumulation of oritavancin (25 mg/liter) and chloroquine (20 mg/ liter) were examined after 2 h of incubation at pH 6 and 8 and compared with those at pH 7.4, yielding values of 128% Ϯ 7.5% and 86.5% Ϯ 5.3%, respectively, for oritavancin and 18.1% Ϯ 1.5% and 140.4% Ϯ 10.7%, respectively, for chloroquine. Monensin is a proton ionophore that (i) collapses transmembrane gradients (36) , suppressing almost completely the accumulation of weak organic bases (41) , and (ii) partly defeats pinocytosis by stimulating the regurgitation of the contents of early endosomes (10) . Cells were preincubated with 20 M monensin for 1 h and then exposed to oritavancin (25 mg/liter), HRP (2 g/liter), or chloroquine (20 mg/liter) for 2 h in the continuing presence of monensin. Oritavancin and HRP accumulated to 28.5% Ϯ 2.0% and 29.9% Ϯ 2.7% of the control value (no monensin treatment), respectively; this decrease in the level of HRP uptake is similar to that observed previously in J774 macrophages (41) , whereas the accumulation of chloroquine was reduced to 4.8% Ϯ 0.6% of the control value. Table 2 . They illustrate (i) the bactericidal character of glycopeptides against S. aureus (MBC/MIC ratio ϭ 4) and (ii) the high degree of sensitivity of L. monocytogenes to oritavancin. In contrast, vancomycin was not bactericidal against L. monocytogenes. Oritavancin and vancomycin were used at extracellular concentrations of 25 mg/liter, as in our pharmacokinetic studies, and 50 mg/liter, respectively, with the latter concentration mimicking the maximum level observed in the sera of patients receiving the conventional dose of vancomycin (15 mg/kg). Figure 6 shows that oritavancin, as already reported (31), exerted a marked bactericidal effect against intracellular S. aureus. This effect developed rapidly, yielding an almost 4-log-unit decrease in the level of postphagocytosis within 24 h. In contrast, the effect of vancomycin was essentially static. After 5 h of incubation, neither oritavancin nor vancomycin was capable of preventing the intracellular growth of L. monocytogenes, which proceeded at approximately 60% of the rate observed in the controls.
DISCUSSION
The levels of accumulation and subcellular dispositions of aminoglycosides, macrolides, and fluoroquinolones have been extensively studied in eucaryotic cells, yielding useful pharmacodynamic and toxicodynamic information (4, 14, 30, 40) . In contrast, little is known so far about the levels of accumulation and subcellular dispositions of glycopeptide antibiotics and those of vancomycin in particular (3, 44) . The present study has focused on oritavancin, a semisynthetic derivative of vancomycin, and shows that it accumulates to exceptionally high levels in both macrophages and fibroblasts, in sharp contrast to its parent compound, vancomycin. Most of the cell-associated oritavancin must be truly intracellular, since (i) the level of accumulation is drastically reduced at 4°C (a condition which should not prevent the drug binding at the membrane, as shown for gentamicin [11] and pivaloyl-or phthalimidomethyl esters of ampicillin [8] ) and (ii) the drug distributes in the same fractions as lysosomes upon isopycnic centrifugation of the granular cell fraction, with no drug or only a minor proportion of the drug found in the soluble fraction.
Accumulation of exogenous compounds in lysosomes has been shown to result from two main mechanisms, namely, endocytosis and diffusion-segregation (12, 34) . The first mechanism is demonstrated for many nonpermeant molecules and can be distinguished between the fluid phase and adsorptive endocytosis, depending on the capacity of the substance to bind or not to bind to the pericellular membrane (20, 32) . Fluid-phase pinocytosis is exemplified here by HRP, which has been widely used and validated as a typical marker of this cellular activity in J774 macrophages (41) . Receptor-mediated or adsorptive endocytosis is typically observed in J774 macro- phages for substances such as transferrin or immunoglobulin G (which have specific receptors) or small latex beads (which bind nonspecifically at the cell surface [41] ). The second mechanism is observed with amphiphilic, cationic molecules that are able to diffuse through membranes in their unprotonated form but that get sequestered in lysosomes as protonated molecules because of the acid pH created therein through the activity of an ATP-dependent proton pump (22) . This mechanism is exemplified here by azithromycin and chloroquine, which have been extensively studied in this context (4, 41, 45) . The data that we have presented here strongly suggest that oritavancin accumulates in J774 macrophages by the endocytic route, since (i) its kinetics of uptake over the first 4 h follow the same model as those of HRP or small latex beads and is clearly distinct from the kinetics of uptake of azithromycin and chloroquine, and (ii) the accumulation of oritavancin is only partially impaired by monensin and is impaired to the same extent as HRP, while monensin almost entirely suppresses the accumulation of chloroquine (this study) and that of azithromycin (41) . The fact that the rate of uptake of oritavancin is similar to that of latex beads and much higher than that of HRP suggests that the occurrence of binding sites at the cell surface allows oritavancin to enter by receptor-mediated or adsorptive endocytosis. No binding sites, however, were evidenced here in the fractionation studies. This may result from elution of the membrane-bound oritavancin during the washing of the cells and the homogenization and fractionation procedures. In this context, the defeating effect on accumulation exerted by serum in the presence of low drug concentrations may indicate a competition between serum proteins and cell membrane binding sites. Conversely, the increased levels of accumulation observed at acid pH could reflect a higher level of binding of the cationic compound oritavancin to the cell membrane, which is globally negatively charged.
Whatever the mechanism of accumulation in lysosomes, oritavancin seems largely, if not exclusively, confined to these organelles. This can be inferred from the results of our studies concerning its intracellular activity. We indeed demonstrate that oritavancin has a marked bactericidal effect against a phagolysosomal microorganism (S. aureus) (31) but no or only negligible activity against a cytosolic bacterium (L. monocytogenes) (23) , even though the latter is highly susceptible to oritavancin in vitro. This is in sharp contrast to fluoroquinolones, which show activities against both types of bacteria in the same cellular model (29) .
Most of our studies were performed with culture medium containing 10% FCS, because this is required for optimal growth and long-term maintenance of most eucaryotic cells, including J774 macrophages. Oritavancin, however, is known to tightly bind to serum proteins, but such binding is difficult to study because of a tendency of the molecule to stick to various materials, such as dialysis membranes and filters, that must be used to perform these experiments (T. Nicas, personal communication). Studies by the dextran-charcoal method, however, suggest that the level of protein binding of oritavancin in human serum spiked with total drug concentrations of up to 91 mg/liter is about 85 to 90% (A. Rowe and T. J. Brown, Abstr. 41st Intersci. Conf. Antimicrob. Agents Chemother., abstr. A-2193, 2001). Since the mean peak concentrations in serum measured in ongoing clinical trials is 31 mg/liter (45; data on file from Intermune, Inc.), we may estimate that the free concentration in human serum is about 3 to 5 mg/liter. The data from Fig. 3 show that cells exposed to 5 mg of oritavancin per liter in the absence of serum display a drug concentration of about 4 g/mg of protein. A similar level is obtained for cells exposed to 15 to 25 mg of oritavancin per liter in the presence of 10% FCS. Thus, our standard conditions may actually reproduce the levels of free drug exposure that could be observed in humans.
In a larger context, the unusual cellular pharmacokinetic and pharmacodynamic properties of oritavancin open interesting perspectives in terms of both structure-activity relationships and the potential uses of this molecule in clinics. It is indeed possible that the lipophilic character of oritavancin is what causes not only its fast uptake and high level of retention (as suggested by the present study) but also its rapid bactericidal effect (1, 46) . In this context, it is interesting that the few available reports on teicoplanin, another glycopeptide with lipophilic properties and high levels of protein binding, also point to a marked accumulation of this antibiotic (6, 18) . Teicoplanin, however, is not more bactericidal than vancomycin. The performance of accumulation and efflux studies and microbiological evaluations with glycopeptide derivatives with systematic variations in their lipophilic-hydrophilic balances would be interesting in this context. With respect to clinical applications, our data appear to be of interest, since they demonstrate that oritavancin has useful activity against intracellular bacteria under incubation conditions (25 mg/liter with 10% FCS) that are probably pertinent to those observed in humans when the influence of protein binding on drug accumulation is taken into account (see above). Targeted animal studies and clinical trials would therefore be most welcome in this context. We must, however, note that the intraphagocytic activity of oritavancin is considerably lower than that which can be anticipated on the basis of its accumulation, as already reported (31) . Further study of the mechanisms of this defeating effect may be worthwhile. Finally, the high level of cellular accumulation may suggest the existence of storage compartments (in relation to the prolonged terminal half-life of the molecule), which could constitute potential targets for toxicity, even though major side effects have not been reported so far.
